An amphiphilic calix [6]arene, which possesses a deep cavity, aggregates in aqueous solution by hydrophobic interaction. The conformation of aggregated calix [6]arene is conical owing to the coordination of metal ions and hydrophobic interaction between its aromatic parts. Variable temperature NMR experiments reveal that the species of metal cations are able to control the stability of the aggregated supramolecular structure, and that its molecular dynamics are regulated by the concentration of salt. These results are valuable for molecular recognition using calixarene in aqueous systems.
Introduction
Calixarenes possessing azobenzene units are interesting molecules owing to their unique properties. Chromogenic calixarenes which have metal-binding sites and coloration sites act as metal-selective receptors and sensors. 1, 2 The introduction of azobenzene gives calixarene a deep cavity which can include one large molecule or two guest molecules. 3, 4 The photochemical behavior of calix-resorcino-arenes with four azobenzene residues in solution and monolayers has been investigated. 5, 6 The solubility of calixarene was dramatically changed by trans-to cis-and phase-transfer catalysts in the reaction of sodium cyanide in aqueous solution with a series of alkyl halides. 13 Hayashida et al. synthesized a calixarene possessing numerous glucoses, which recognizes biologically important phosphates, such as nucleotides, via hydrogen bonding. 14 We have been interested in the possibility of developing a water-soluble calixarene possessing azobenzenes into a sensor for biologically important compounds, and in the creation of photo-responsive materials. During related experiments, the aggregative behavior of calixarene in water was discovered, and here we wish to report that several species of metal cation are able to control the stability of the aggregated structure, and that its molecular dynamics are regulated by the concentration of sodium chloride. 
Results and Discussion
30 o C, (b) 2a (5.0 mM) in NaOD/D 2 O (1.61 M) at 1 o C, (c) 2a (5.0 mM) in NaOD/D 2 O (1.61 M) at 30 o C, (d) 2a (5.0 mM) in NaOD/D 2 O (1.61 M) at 50 o C, (e) 2a (5.0 mM) in NaOD/D 2 O (1.61 M) at 70 o C, (f) 2a (5.0 mM) in NaOD/D 2 O (1.61 M) at 80 o C, (g) 2a (0.5 mM) in NaOD/D 2 O (0.161 M) at
Figure 2
Next, to investigate the effect of additives on the molecular dynamics, we performed a VT NMR experiment on 2a in D 2 O in the presence of other alkali metal ions: potassium, rubidium, and cesium, shown in To study the molecular behavior of the present host system in more detail, the coalescence temperatures of the aliphatic protons were investigated in the presence of varying amounts of sodium deuteroxide and sodium chloride. The coalescence temperatures of the aliphatic protons decreased with increasingly dilute sodium deuteroxide (runs 1, 2, and 6) and increased with increasing concentrations of sodium chloride (runs 7-12). Moreover, the observation of similar shapes of resonance for aromatic protons in all NMR spectra at coalescence temperatures shows that the rate of reversible aggregation is parallel to that of rotation. This evidence suggests two possibilities: (1) the stabilization of the cone conformation by sodium ion causes 2 to aggregate; and (2) the salt effect promotes hydrophobic interaction to form a more stable aggregated complex. Since it has been reported that the presence of cesium ions raises the coalescence temperature of aliphatic protons of calix[6]arene, 21 and that the azo-calix [4] (Figure 4 ), both effects may act cooperatively. The aggregation of calixarene obtained by self-assembly via self-inclusion has been reported by a few groups; however, the intermolecular weak interactions between the cavity and alkyl-or aryl residues present at the edge of calixarene contributed to the supramolecular structures in all cases. 8, [22] [23] [24] [25] Owing to the large cavity size and the deep hydrophobic pocket, calixarene 2, which has no alkyl or aryl residues at its ends, can form an associated complex. 
Conclusions
Amphiphilic calixarene molecules recognize each other and form oligomeric complexes in aqueous solution owing to hydrophobic interaction, and the large cavity size and deep hydrophobic cavity are important factors that allow the calixarenes to aggregate. The results of VT NMR experiments indicate that the species and concentration of metal ions play important roles in regulating calixarenes' molecular dynamics.
Experimental Section
General Procedures. Melting points were determined using a YAMATO Scientific melting point apparatus equipped with a digital thermometer. C-NMR spectra were recorded on a JEOL LA-500 spectrometer (500-and 125 MHz, respectively). All reagents were of reagent grade and were used without purification. IR spectra were determined on a JASCO A-202 instrument. 
